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3" Biannual Workshop
Interstate Technical Group on Abandoned Underground Mines

The workshop was held in Kansas City, Missouri at the Airport Embassy Suites

Hotel on April 25-26,2000. The workshop was divided into three technical sessions with a
half-day field trip. Technical Session I was an update from each of ten states and Barry
Berkovitz with FHWA. Technical Sessions II & III were comprised of presentations
ranging from mining history to state of the art practices in remediation and investigations
of underground mines. A field trip was taken to the Park College Underground Mine
Facility.

The Kansas Department of Transportation and FHWA sponsored the workshop.
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TECHNICAL SESSION II
Wednesday, April 26"

8:00-8:30 Mining History in Kansas, Mr. Larry Brady, Kansas Geological Survey
8:30-9:00 Grout Mixes and Their Application, Mr. Clay Rathburn, J udy Co.

9:00-9:30 Geophysical Research for Subsurface Investigations, Mr. Jeff Daniels
SoftEarth Associates, Inc.

9:30-10:00  I-70 Salt Deposit Subsidence, Mr. Neil Croxton, Kansas Dept. of Trans.

10:00-10:30 Break

10:30-11:30  Site Investigations, Risk Assessments, and Remediation for Multi-level
Canadian Mines, Mr. Pat Gallagher, CTL Engineering, Inc.

11:30-12:00 Microseismic Monitoring, Mr. Wilson Blake, Consulting Mining Engineer

12:00-1:30 Lunch

FIELD TRIP

1:30-4:30  Field Trip to Park City Limestone Mine.
This active limestone mine quarries rock on two different levels. The mine
is below Park College. The college utilizes the mine works in various ways.

Discussions on the mine and the college will be presented by Mr. Dave
Holberg and Mr. Don Woodard.

TECHNICAL SESSION III
Thursday, April 27"

8:00-8:50 Imaging Old Mine Works, Mr. Joel Strid, NSA Inc.
8:50-9:10 TDR in Subsidence Work, Mr. Kevin O’Conner & Mr. Charles Dowding
9:10-9:30 Case History Using Grout Bags, Mr. Dennis Boehm, Hayward Baker Inc.
9:30-10:00  MASW To Delineate Anomalies Beneath Asphalt, Mr. Rick Miller

' Kansas Geological Survey

10:00-10:30 BREAK

10:30-12:00 Open Forum



KDOT-FHWA Mine Remediation Workshop

April 25-27, 2000

WORKSHOP PROGRAM

Tuesday, April 25

N

12:00-1:00  Registration
TECHNICAL SESSION I
Participating State and Federal agencies are asked to give a 20 minute presentation
on Mine related activities in their state.
1:00-1:10  Opening Remarks Bob Henthorne, KDOT
1:10-1:30 FHWA, Mr. Barry Berkovitz
1:30-1:50 Arizona
1:50-2:10 Illinois
2:10-2:30 Iowa
2:30-2:50 Kansas
2:50-3:20  BREAK
3:20-3:40 Kentucky
3:40-4:00 ¢  Maryland
4:00-4:20 Missouri

4:20-4:40 North Dakota

4:40-5:00 Ohio



Ohio Underground Mine Group Information http://www.thwa-ohio.org/mine_group.html

Bronp AnFormation

Interstate Technical Gi'oup on Abandoned'Underground Mines

A group of technically oriented individuals responsible for
the remediation of underground mines beneath state
roadways.

Common Area of Interest

The flow of information related to abandoned underground
mines beneath roadways.

1.  Generate and disseminate information.

2. Obtain outside funding or cooperatively 4
share in the costs of research or other
mutually benefical efforts.

 Group Members
Name Search :  Click H‘e‘re;‘ ) : F“EO—
~ ARIZONA

" Mr. Nlcholas M. Prlznar
Arizona Department of Transportatlon
1221 North 21st Avenue, 068R
Phoenix, AZ 85009-3740
(602) 712-8089 Fax: 712-8138
E-Mail: npriznar@dot.state.az
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FHWA

Mr. Thomas Lefchik, Asst. Bridge Engineer
Federal Highway Administration

200 N. High Street, Room 328

Columbus, OH 43215 »

(614) 280-6845 Fax: 280-6876

E-Mail: mine man{@fhwa-ohio.org

ILLINOIS

Mr. Alan Goodfield, Staff Engineering Geologist

IDOT, Bureau of Bridges & Structures
2300 S. Dirksen Parkway
Springfield, IL 62764

© (217) 782-2713 Fax: 557-1085-1366

E-Mail: goodfieldag@nt.dot.state.il.us

INDIANA

Mr. Dan Chase

| Indiana Department of Transportat10n
~ 100°N. Senate Avenue

Indianapolis, Indiana 46204
(317) 232-5280 Fax: 356-9351 -~

E-Mail: chase@tcon.net

10WA

Mr. Matthew Trainum, Geologist
Iowa Department of Transportatlon
800 Lincoln Way :
Ames, Towa 50010 o
(515)239-1476 Fax: 239-1873

E-Mail: mtrainu@max.state.ia.us
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KANSAS

Mr. Bob Henthorne, Regional Geologist
Kansas Department of Transportation
P.O. Box 498

Chanute, KS 66720 :

(316) 431-1000 x-224 Fax: 431-6941
E-Mail: roberth(@ksdot.org

Kentucky

Mr. James Grider »

Kentucky Transportation Cabinet

Office of Environmental Affairs, Third Floor
125 Holmes Street '
Frankfort, Kentucky 40622

(502) 564-7111 Fax: 564-4911 .

E-Mail: jgrider@mail kytc.state ky.us

M. RichnrdT Wilson, Engineering Geologist
Kentucky Dept. of Highways, Geotechmcal Branch

1236 Wilkinson Blvd.
Frankfort, KY 40601
(502) 564-2374 Fax: 564-4839

E-Mail: rwilson@mail.kvte.state ky.us

Mr. Earl Wright, Engineering Geologist Chief
Kentucky Dept. of Highways, Geotechmcal Branch

1236 Wilkinson Blvd.

Frankfort, KY 40601 :
(502) 564-2374 Fax: 564- 4839
E Mail: ewnght@mall kytc.state.ky.us

- Maryland

Mr. A. David Martin, Chief, Engr. Geology Div.
Maryland State Highway Adminstration

2323 West Joppa Road ,

Brooklandville, MD 21022

(410) 321-3107 Fax: 321-2208

E-Mail: dmartin@sha.state.md.us -
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MICHIGAN

Mr. Richard Endres Foundation Analysis Engmeer

Michigan Department of Transportation
Secondary Governmental Complex
8885 Ricks Road

P.O. Box 30049

Lansing, MI 48909

E-Mail: endresr@state.mi.us

MISSOURI -

Mr. George Davis, Geotechnical Liaison
Missouri Department of Transportation
P.O. Box 270 _

Jefferson City, MO 65102

(573) 526-4344 Fax: 526-4345

E- Ma1l dav1sgl@ma1l modot. state mo us -

‘Mr. Tim Newton Geotechnical L1a1son

Missouri Department of Transportatlon
P:0. Box 270

Jefferson City, MO 65102

(573) 526-4344 Fax: 526-4345 N
E-Mail: newtot@mail.modot.state.mo.us

NEW YORK

Mr. Alexander Yatsevitch, Engineer Geologist III
NYDOT, Geotechnical Engineering Bureau

1220 Washington Avenue, Building 7
Albany, NY 12232-0863

(518) 457-4731 Fax: 457-8080

E-Mail: ayatsevitch@gw.dot.state.ny.us
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NORTH DAKOTA

Mr. Bruce Beechie, Project Manager

N. Dakota Public Service Comm. ~-AML Division
State Capital

Bismarck, ND 58505-0480

(701) 328-4104 Fax: 328-2410

E-Mail: MSMAIL.beb@oracle.psc.state.nd.us

" OHIO

1600 W. Broad Street

Mr. Kirk Beach, Geologist

ODOT, Office of Materials Management
1600 W. Broad Street -

Columbus, Ohio 43223

(614) 275-1342 Fax: 275-1354

E-Mail: kbeach@dot.state.oh.us

Mr. Gene Geiger, Geotec. Design Coord.

ODOT, Office of Materials Management
1600 W. Broad Street

Columbus, Ohio 43223

(614) 275-1318 Fax: 275-1354

E-Mail: gegeiger(@dot.state.oh.us

Mr. L. Rick Ruegsegger, P.E., Special Proj. Coord.
ODQOT, Office of Materials Management

Columbus, Ohio 43223

(614) 275-1395 Fax: 275-1354

E-Mail: riruegse(@dot.state.oh.us
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Ontario, CANADA

Mr. Chris Hamblin, Mine Hazards Co-ordinator
Ministry of Northern Development and Mines
4th Floor

933 Ramsey Lake Road

Sudbury, Ontario

Canada, P3E 6B5 ,

(705) 670-6806 or 1-888-415-9845.ext. 5806
Fax: 328-2410

E-Mail: chris.hamblin@ndm.gov.on.ca
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Mr. Wllllam Rk Adams, Jr.

Pennsylvania Department of Transportatlon

District 11.
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(412) 429-4919 Fax: 429-5069 :
E-Mail: bsgadams@telerama.lm.com

4Mr Ken Rush Materlals Manager
’ Pennsylvama Department of Transportatlon
1118 State Street

Harrisburg, PA 17120
(717)787-1327 Fax: 783- 5955
E-Mail: Dcnndot ku@holmall com

Mr Rlchard W. Schutte, P.G. , Engineering Geologist

Pennsylvania Department of Transportatlon
District 11-O : :

45 Thoms RunRoad -+~ -+~

Bridgeville, PA 15017 -

(412) 429-4922 Fax: 429-5069

E-Mail: bsgadams@telerama.lm.com
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Mining History in Kansas

Lawrence L. Brady
Kansas Geological Survey
1930 Constant Avenue
Lawrence, Kansas 66047-3726

Introduction

Mining of economic rocks and minerals in Kansas has been important to the development of the
state and the region. From the coal mines of eastern Kansas to the salt mines of central Kansas,
the mining history of the state has been both colorful and necessary for an emerging state over
the last 150 years. Production from the lead-zinc mines of the Tri-State mining district of
southeastern Kansas, southwest Missouri, and northeast Oklahoma was important to the nation’s
war effort during the first half of this century when the region was the worlds leading zinc
producer and also an important lead producer.

Consideration of the important minerals won during the mining history of the state is
summarized in table 1, showing the relation of important mined products during the early part of
the 1900’s, in 1950, and showing the latest data about Kansas production during 1998.
Production (tonnage) of coal peaked in Kansas during 1917-18, while lead-zinc production
peaked in 1926. However, review of table 1 shows the sharp production increase over the
century of the major industrial minerals in the state, including stone (mainly limestone), salt and
gypsum. The tonnage and value of gypsum in 1998 are not shown in table 1 (due to concealment
policies of the U.S. Geological Survey), but both of these figures are many times larger than
gypsum production and value in 1950.

With the peak year for lead-zinc production in Kansas of 1926, the relations of the same mineral
products shown in table 1 (with the exception of dimension stone) are shown in table 2. Those
commodities are also compared to the total production and value for those same commodities for
the United States as a whole.

Zinc and Lead Mining

The zinc-lead mines of Cherokee County (Kansas)--especially around the towns of Galena,
Treece, and Baxter Springs, produced nearly 2.9 million tons of zinc and 0.7 million tons of lead
from approximately 115 million tons of mined ore (table 3, from Stewart, 1986) over the life of
the district. The Tri-State district (fig. 1) in all three states produced nearly 12 million tons of
zinc and 2.9 million tons of lead (table 3). The earliest period of lead mining in Kansas was
probably in Linn County in the 1830’s, but the first commercial production of lead in the state
was near Galena in 1877 (Schoewe, 1958, p. 418-421). Nearly all of the lead and zinc was won
by underground mining methods; however, some strip mining of the ores was tried in the Galena
area. An important summary article discussing the geology of the Tri-State district is presented



by Brockie, Hare, and Dingus (1968)--geologists with Eagle-Picher Industries, the principal
mining company in the Tri-State. McKnight and Fischer (1970) completed another
comprehensive study of the huge Picher field--located in Oklahoma and Kansas in the western
part of the Tri-State.

The Tri-State mining district was the leading zinc-mining district in the world for nearly half a
century, and it was also an important producer of lead, silver, cadmium, germanium, and gallium
(Hagni, 1986, p. 30). Mining of lead-zinc ended in 1970 with the closing of the Eagle-Picher
Industries Swalley Mine near Baxter Springs and the closing of the Eagle-Picher central mill at
Cardin, Oklahoma. Nearly all ore production of this district was from carbonate rocks of
Mississippian age, with the most important production in the district coming from a zone called
the “M” bed or the “Joplin member” of the “Boone formation”. An informal system of zoning of
the local rock units (Beds B through R) is commonly used in the Tri-State region that was
developed by Fowler and Lyden (1932). This system along with local formal and informal
stratigraphic units is shown in figure 2, with the important ore “beds” emphasized on the zoning
system by Hagni (1986, p. 31). For formal stratigraphic unit names in the area refer to
Thompson (1986), Ebanks and others (1979), and Baars and Maples (1998).

As a result of the extensive mining in the Tri-State district are many hazards that continue to
exist to the present time although considerable effort was made by local, state, and federal
governments to correct many of the mine hazards. McCauley and others (1983) summarized the
physical hazards in the Kansas portion of the Tri-State (table 4), and also a listing of the total
acres disturbed by mining in the Kansas portion of the district (table 5).

These extensive physical problems highlighted by McCauley and others (1983) were recognized
as major problems to future development of the area. Efforts were made to mitigate the hazards
by local citizens, the Kansas Department of Health and Environment (KDHE), the U. S. Bureau
of Mines (USBM), and the U. S. Environmental Protection Agency (EPA). The efforts of the
KDHE and EPA were primarily concerned with the heavy metals in the groundwater and surface
waters of the area as well as the general background levels of certain portions of the mining
district. The physical hazards (subsidence, open shafts, etc.) were the primary concern of the U.
S. Bureau of Mines and local citizen groups. The USBM funded the hazard study in Kansas, and
similar studies in Missouri by McFarland and Brown (1983), and in Oklahoma by Luza (1983).
Dressel, McFarland, and Brown (1986) summarized these hazard studies for the entire mining
district.

Coal Mining

Deposits of bituminous coal are widespread in the Pennsylvanian rocks of eastern Kansas, with
coal production recorded from all but two counties having Pennsylvanian rocks present at or near
the surface. Both deep mining and surface mining methods were used in the past to win the coal
from at least 20 different coal beds. General stratigraphy of the Pennsylvanian rock units is
shown in figure 3. The most important coal mining in the state was in southeast Kansas where
coal beds within the Cherokee Group were extensively mined in portions of Cherokee, Crawford,
and Bourbon counties. Most important of the coal beds was the Weir-Pittsburg coal, and the
extensive distribution of underground mining of this coal by room-and-pillar methods is shown



in figure 4. Where the Weir-Pittsburg coal was also mined by strip-mining methods total
production of the Weir-Pittsburg coal represents about two-thirds of the coal mined in the state.

Another area of extensive deep mining was in Osage County where the Nodaway coal of the
Wabaunsee Group was mined by both deep and surface mining methods. In this area the Bell #4
mine south of Burlingame (Osage County) was the last deep coal mine to operate in Kansas,
closing in 1964. Deep coal mining at depths around 700+ feet occurred in eastern Leavenworth
County where some mines extended under the Missouri River into the state of Missouri. Coal
deep-mined in Leavenworth County for the deep mines was mainly from the Bevier coal of the
Cherokee Group. The last deep mine operating in Leavenworth County was the Kansas State
Prison Mine at Lansing that used convict labor and this mine closed in 1947. The old longwall
mining system was used for the deep mining in Leavenworth and Osage counties as compared to
the room-and-pillar mining system used in southeast Kansas coal mines.

Coal deposits in Kansas have been exploited for nearly 150 years with a total coal production of
approximately 300 million short tons. Peak years for coal production was 1917 and 1918, with
production for each year at about 7.25 million tons. The earliest coal mining in Kansas was from
mines in the Leavenworth area where the coal was important for Fort Leavenworth (established
in 1843), and later the coal was used and moved by large boats and barges on the Missouri River.
Mining of coal in the Osage County area was important for early railroads, and the coal mines
influenced the location of the rail lines to the southwest.

In the late 1800’s the coal mines in southeast Kansas became the important coal-producing
region of the state due to the abundance of coal and the thickness and quality of the coal. This
area dominated coal production until the mid 1970’s when the Pittsburg & Midway Coal Mining
Company Mine #19 shut down in Cherokee County, and P&M started full production at their
Midway Mine in Linn County, Kansas, and Bates County, Missouri, mining the Mulberry coal
(Marmaton Group). From that time to the present, Linn County periodically became the
dominant county over Crawford County although the P&M Midway Mine closed in 1990.

For the last three and one-half years (1997-2000), Linn County coal production was the largest of
any county in the state, and in 1999 and 2000 the only commercial coal production was from
Linn County (414 thousand tons in 1999). General distribution of coals having the potential for
surface mining in eastern Kansas (Pennsylvanian age) is shown in figure 5. In north central
Kansas there are areas of thin lenticular lignite deposits from which a total production of about
300,000 tons was mined from more then 150 small mines (Schoewe, 1958, p. 378-79). These
lignite deposits were present in the upper part of the Dakota Formation (Lower Cretaceous age).

Industrial Minerals

The principal industrial minerals of Kansas emphasized in this study are those minerals and
rocks that were mined wholly or in part by underground methods. These “minerals” include salt,
gypsum, and stone (especially limestone) for crushed stone and building or dimension stone.
Included in industrial minerals mined in Kansas entirely by surface methods are the sand and
gravel deposits, volcanic ash, clay and shale for ceramic products, and diatomaceous marl.
These industrial minerals will not be discussed in this paper, but their general distribution is



shown in figures 6 and 7. Large volumes of sand and gravel are extracted from the floodplains,
channels, and terraces of Kansas rivers, and from the large deposits of Tertiary sand and gravel
of the high plains in the western part of Kansas. Although used primarily for road and
construction purposes, some quality sand is used as industrial sand for fiberglass manufacturing
and for sand blasting applications. Grisafe (2000) compiled a listing of nearly 6,300 locations of
abandoned industrial mineral pits, quarries, and mine locations in Kansas. In addition, a second
compilation (Grisafe and Baker, 1999) lists a total of 879 active industrial mineral pits, quarries,
and mine locations (active during 1998) in the state. The general distribution of industrial
minerals in Kansas is shown in figures 6 and 7.

Salt—Extensive deposits of salt are present in the central part of the state that have been
exploited for economic purposes by underground mining methods and solution mining efforts.
Rock salt was first discovered in Kansas in 1887 while individuals were exploring for oil and gas
(Schoewe, 1958, p. 437). The important commercial salt bed in the state is the Hutchinson Salt
Member of the Wellington Formation (Lower Permian). Distribution and general thickness of
the Hutchinson salt is shown in figure 8. Three mining companies are presently mining the salt
by underground mining methods including the Hutchinson Salt Company (Reno County), Lyons
Salt Company (Rice County), and the Independent Salt Company (Ellsworth County). Depths of
mining range from 645 feet with the Hutchinson Salt Company to 1045 feet with the Lyons Salt
Company. At least five additional deep mines have operated in Kansas that are no longer mining
salt. Among these five mines, two operated in Rice County, two in Ellsworth County, and one in
Kingman County. Besides the companies with operating shaft mines, three salt companies
presently have solution mine fields—three fields in Reno County and one in Rice County. A
fourth company solution mines salt in Sedgwick County for chlorine chemical manufacturing,.

In addition to the Hutchinson salt, there are extensive salt deposits within the Nippewalla Group
(Holdoway, 1978) that are not commercially developed. These deposits are stratigraphically
higher--but still within Lower Permian rocks, with the salt beds generally west of the Hutchinson
salt beds.

Extensive discussion of the Kansas salt deposits and-salt mining methods are available in reports
by Taft (1946), and Walters (1978). In the Walters report, emphasis is placed on land subsidence
due to salt dissolution by improperly designed brine fields, and improperly plugged oil wells that
penetrated the thick salt beds. Watney (1980) determined detailed distribution of the Hutchinson
salt in Kansas.

Gypsum—Deposits of gypsum are present in several geologic units within Lower Permian rocks
of central Kansas. General distribution of the gypsum deposits is shown in fig. 6. Two gypsum
mines still operate in the state, and based on the report of Kulstad and others (1956) there were at
least 19 mines in ten counties in the state. In Marshall County in the northern part of the state,
the Georgia Pacific Gypsum Corporation mines gypsum from shallow depths using underground
methods. The gypsum is mined from gypsum beds that are about eight to nine feet thick in the
Easly Creek Shale Formation in the upper part of the Council Grove Group. In the south-central
part of Kansas, the National Gypsum Company mines the Medicine Lodge Gypsum Member of
the Blaine Formation in the upper part of the Nippewalla Group. National Gypsum now mines
gypsum primarily by surface mining methods in northwest Barber County; however, they also



have a shallow underground mine where they obtain their purest gypsum for high quality plaster.
Maximum thickness of the gypsum bed in the area of the mine is about 30 feet.

Most of the gypsum mined by the two active companies is calcined for use in wallboard or
plaster. The company plants where the gypsum is processed is located near the mine (Georgia-
Pacific) or shipped about 20 miles to the plant (National). Raw gypsum is also used in
manufacture of portland cement, and as a soil additive for agriculture purposes.

Stone—Throughout the eastern third of Kansas, stone is quarried and crushed for use in cement
manufacture, concrete aggregate, agriculture lime, and as road metal. Limestone from
Pennsylvanian, Permian, and Cretaceous rocks is commonly used for crushed stone in the state.
Sandstone from some Pennsylvanian rocks is used in cement manufacture, and calcite-cemented
sandstone in Lincoln County (limited areas of Dakota Formation sandstones within Lower
Cretaceous rocks) is extensively used where high quality aggregates are needed in the western
part of the state. A general distribution of the stone quarries and mines in Kansas are shown in
fig. 7.

Underground limestone mining operations have been important for years in the Kansas City area,
and in the Bonner Springs (underground operations recently closed) and Atchison areas.
Currently two underground limestone mines are operating in the Kansas City (Kansas) area,
including one mine in Johnson County (mining the Argentine limestone Member of the
Wyandotte Limestone) and one mine in Wyandotte County (mining the Bethany Falls Limestone
Member of the Swope Limestone). In Atchison County there are three limestone mines, each
mining the Plattsmouth Limestone Member of the Oread Limestone.

Limestone for building stone has been extensively quarried in Kansas. At the present time most
of the building stone is quarried from Lower Permian limestone units. Important limestones
used in recent years by producers (Grisafe, 1976) include certain ledges in the Fort Riley
Limestone Member of the Barnston Limestone (with trade names of “Silverdale” and “Junction
City”, dependent on the location mined), the Cottonwood Limestone Member of the Beattie
Limestone, and the Funston Limestone Formation (“Onaga”). Other Permian limestone units .
quarried inclyde the Five Point Limestone (“Chestnut Shell”) where it is developed as a local
coquina in Pottawatomie County, that is a member of the Janesville Shale, the Neva Limestone
member of the Granola Limestone, and the Cresswell Limestone Member of the Winfield
Limestone.

Important in the western part of the state for building stone. are the thick Fort Hays Limestone
Member of the Niobrara Chalk, and the Fencepost limestone bed of the Greenhorn Limestone.
These units are present in Upper Cretaceous rocks and located in west central Kansas. Another
Cretaceous unit that has been used for building stone is the Dakota Formation in areas where
well-cemented sandstone beds exist (Risser, 1960).

Within the Pennsylvanian rocks of Kansas, various limestone units were used for local building
stone.  Limestone units described by Risser (1960) as having more extensive use are the
Kereford Limestone and Toronto Limestone members of the Oread Limestone, and the
Westerville Limestone Member of the Cherryville Shale. In Bourbon County, the Bandera



Quarry Sandstone Member of the Bandera Shale was extensively quarried and had widespread
use in the region. A good summary of the Kansas building stones--their quarrying, processing,
and use is summarized in Schoewe (1958, p- 443-457), Risser (1960) and Grisafe (1976).

Summary

. - Mining in Kansas is now mainly involved with the extraction of industrial minerals.
Mine production and value of industrial minerals has continuously increased over the last
century as a result mainly of the growing population of the state. In contrast, the zinc-
lead industry developed around the large Tri-State mining district no longer produces
these metals in Kansas or in the Missouri and Oklahoma portions of the district.
Production of coal was also very important in the first half of the 20t century, but coal
production has been reduced to the small amount of about 400 thousand tons/year (1999)
from a peak yearly production of 7.25 million tons in 1917 and 1918.

2. Zinc and lead mining in the Tri-State district closed in 1970 after production of nearly 12
million tons of zinc and 2.9 million tons of lead. Kansas contributed about 25 percent of
that metal amount for the district—a district that lead the world in zinc production for
nearly 50 years. As the result of this extensive mining of metals, there are a number of
hazards that develop over time such as mine collapses, and open shafts. McCauley and
others (1983) recognized a total of 910 hazards for the Kansas portion of the Tri-State
district. Work by a number of government agencies, and local citizen groups has helped
mitigate a number of these hazards since the time of the McCauley study.

3. Coal mining existed in most counties in the eastern part of Kansas, but the most
important area mined for coal was in southeast Kansas—oprimarily in Crawford and
Cherokee counties. Coal was won in that area by extensive underground mining of the
Wier-Pittsburg coal. Surface mining of the Weir-Pittsburg coal and other coals of the
Cherokee group were also very important in those counties and in Bourbon County. For
the past 25 years Linn County has periodically become the important coal-producing
county in the state, and it is now (2000) the only Kansas county with producing coal
mines.,

4. Extensive deposits of Hutchinson salt exist in the central part of the state with a salt
thickness up to 400 feet. Those salt deposits have been mined since the 1870’s. At the
present time there are three shaft mines, and five solution mine fields, that are mining this
commodity for use in Kansas and the region.

5. Stone production in the state is another very important commodity for our developing
economy. Limestone is widely distributed in eastern Kansas and in portions of north
central Kansas. The limestone is used as concrete aggregate, road metal, agricultural
lime, building stone, and in the manufacturing of cement. Sandstone is produced in
limited areas of the state and it is also used for most of the same uses of limestone, except
for agriculture lime, and a more restricted use in cement production. Six underground
mines exist in northeastern Kansas that produce crushed limestone for the local building
and road construction industries.



Deposits of gypsum exist in a general north-south direction across central Kansas. These
gypsum deposits have been actively worked by both underground and surface mining
methods. Two gypsum mines now operate in Kansas, one in the northern part of the state
and the other in the southern part. The most important use of the gypsum is for
manufacture of wallboard and plasters. Other uses include its use as an agriculture soil

+ additive, and in the manufacture of cement.

Zinc, lead, coal, salt, gypsum, and stone have all been won entirely or in part by
underground mining methods in Kansas. Results of those efforts have been important to
the economy of the state. However, the space left after mining and the weakening of the
overlying rocks with time present potential hazards. These problems must be recognized
by geologists and engineers now and in the future as they cope with subsidence, collapse,
and weakening rock when roads, buildings, and other structures are constructed over
those problem areas. This report provides those geologists and engineers with some
general idea of the distribution and amount of mining that was conducted in Kansas.
Many key references have been provided to permit further investigations of the mineral
resources, or potential problems associated with the winning of those mineral resources.
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TABLE 1. Kansas mining production and values for selected commodities — 1914, 1950, 1998.

1914* 1950** 1998p***
Commodity# 1000 st.  $ million 1000 st.  $ million 1000 st.  $ million
Zinc (metal) 10.6 1.08 27.2 7.72 -- --
Lead (metal) 1.40 0.11 949 2.56 -- --
Coal 6,860 11.2 2,030 7.96 345(a) 7.76(b)
Stone (crushed) 884 0.60 7,590 8.23 24,900 102
Stone (dimension) - - 442 0.69 243 1.55
Salt 416 0.92 846 591 3,560 121
Gypsum 111 0.31 333 0.76 (©) ()

#  Other mined commodities not included in this summary are
sand and gravel, volcanic ash, and clay and shales

*  U.S. Geological Survey ( 1916a,b) Mineral Resources of US - 1914
** U.S. Bureau of Mines ( 1953) Minerals Yearbook - 1950

% % %

Tanner and Grisafe (1999), USGS Mineral Industry Surveys - Kansas 1998 est. (1999)

(@) Kansas Department Health and Environment -- Surface Mining Section information

Estimate
Data not released

©

TABLE 2. Kansas and U.S. mining production and value for selected commodities — 1926,

KANSAS* US*

1000 st. $ million 1000 st. $ million
Zinc 126 18.9 612 91.8
Lead 28.5 4.55 681 109
Coal 4,010 12.5 601,000 1,660
Stone (crushed) 851 1.06 124,000 188
Salt 730 2.74 7,371 25.1
Gypsum 195 1.22 5,640 46.7

*U.S. Bureau of Mines ( 1929a,b), Mineral Resources of the U.S. — 1926.




TABLE 3. Mine production by states of the Tri-State Mining District.

Operating Est. Tons Recoverable Metal (st)
State Period Mined (st)* Lead Zinc
Missouri 1850-1957 196,000,000 885,390 3,618,930
Kansas 1876-1970 115,000,000 691,338 2,900,000
Oklahoma 1891-1970 187,000,000 1,306,679 5,219,998
Totals (Metal) 498,000,000 2,883,407 11,738,928
0.579 2.357

Average Grade (% Metal)

(*) Figures rounded to nearest one million tons, and consist of estimated tonnages for 1850-

1906 and 1946-1970 periods.

Modified from Stewart (1986, p. 22)

TABLE 4. Summary of hazards in Kansas portion of the Tri-State Mining District.

Uncollapsed Collapsed Total

Open  Surface Open Open Hazard Total Total

Mining Area  Adits Pits Collapses  Shafts Shafts  Shafis Hazards Shafts
Waco 0 0 24 3 10 13 37 42
Lawton 0 0 9 0 5 5 14 33
Badger-Peacock 0 1 7 5 20 25 33 141
Crestline 0 0 5 0 15 15 20 23
Treece 0 0 17 18 62 80 97 189
Baxter Springs 0 0 36 11 63 74 110 151
Galena 6 7 209 11 366 377 599 2966
Totals 6 8 307 48 541 589 910 3545

Modified from McCauley and others (1983, p. 34)




TABLE 5. Mining affected areas in the Kansas Tri-State Mining District.

Approximate area covered by Approximate area of known
Mining Area mine and mill waste underground mining
(Acres) (Acres)
Waco (150) (85)
Lawton (19) (11)
Badger-Peacock 27) 41)
Crestline (45) (34)
Treece (747) (1273)
Baxter Springs (449) (530)
Galena (891) (246)
Totals ' (2328) (2220)

Modified from McCauley and others (1983, p. 34)
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Modified from Hambleton and others (1961, p. 12).
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Subsidence on I-70 in Russell County, Kansas Related to Salt
Dissolution—A Short History"

Presented by
Neil M. Croxton’

Abstract

A short section of Interstate 70 in Russell County, Kansas crosses two active sinkholes. These
sinkholes have slowly and steadily pulled down the driving lanes since construction of the
highway in the mid-1960’s. They are the result of dissolution of a thick salt bed over 1300 feet
below the surface. Oil drilling activity has allowed fresh water to pass through the salt,
dissolving a considerable volume of it and causing the overlying strata to sink. The two areas of
interstate have been regraded at significant cost, and efforts were made in 1986 to stop the
subsidence at one of the sinkholes, but the lanes continue to drop. Eventually, a nearby bridge
will have to be replaced because of the subsidence. The Russell County sinkholes continue to be
costly objects of attention to engineers and geologists at the Kansas Department of
Transportation.

Discovery of the Crawford Sink

All highway construction in Kansas first has a geology survey. When geology crews began their
preliminary studies for this section of I-70 in the early 1960’s, there was a large pond along the
right-of-way six miles west of Russell. They noticed that the pond appeared rather deep, and
although it was situated in a streambed, apparently had no dam. Asking around among local
residents, Highway Commission geologists were told that the pond had always been there. An
83-year-old woman who had lived in the area all of her life reported that there had been a pond
in that location ever since she could remember. So little additional thought was given to the
mysterious origin of the pond. During construction, it was filled in and the highway was built,
along with a nearby bridge to carry county traffic over the interstate. Final grading for the new
lanes was finished in the spring of 1966.

But something was wrong. Just east of the new bridge, exactly where the pond had been, the
subgrade kept dropping. Since it was a stream crossing and a fill section, Highway Commission
officials at first just assumed that the fill dirt was settling. But it wasn’t just the lanes that were
sinking. A few quick level runs confirmed the worst—the new interstate, the pride of Western
Kansas, had been built right over a sinkhole.

! Presented at the KDOT 2000 Abandoned Underground Mine Workshop in Kansas City ,
Missouri, April 25-27, 2000.

2 Neil M. Croxton is the KDOT Regional Geologist for the northwest portion of the state,
including the subject area.
21



The summer of 1966 was a busy one for our geology crews. While I-70°s lanes were being
paved on either side, geologists and their technicians scrambled to find out what was causing the
sinking. Someone thought to check air photos of the region that were taken in the 1950’s. There
was no pond. The locals had been wrong—the deep pond with no dam was a relatively new
feature. And the State Highway Commission of Kansas had a big problem.

Cause of the Subsidence

1-70 in this area is aligned through the heart of the Gorham Oil Field. It is a very densely-drilled
portion of the state, and although sinkholes hadn’t caused much trouble at the time, geologists
quickly suspected that the subsidence was caused by improper plugging of abandoned wells.
Research into oilfield geology and deep groundwater movement led the Highway Commission to
the cause—dissolution of the Hutchinson Salt Member.

This salt bed is Permian in age, a member of the Wellington Formation. In western Russell
County, the Hutchinson Salt is 270 feet thick and its top is 1300 feet below the surface. Above
the salt are three sandstone units—the Dakota Formation, the Cheyenne Sandstone Formation,
and the Cedar Hills Sandstone Formation. All three have considerable flows of fresh or brackish
water.

Oil wells in the Gorham field were drilled through the salt to a structural high in the Lansing-
Kansas City Group and the Arbuckle Group. Hundreds of wells were drilled here beginning in
the 1920’s; many have since been abandoned. If an abandoned well is not plugged correctly, the
fresh water flowing through the overlying sandstones pours down the borehole to replace water
taken out of oil-producing layers by nearby active wells. On the way down, the fresh water
washes across the salt face, dissolving it. The cavity in the salt grows, and eventually overlying
beds sag downward until the depression shows up on the surface.

The sinkhole east of the bridge was named the Crawford Sink, after the Crawford oil lease.

There are two wells 50 feet apart at the center of the sink. They are the Crawford 12 and
Crawford 16. Both were drilled in 1937 and abandoned in the early 1940’s.

Investigation of the Sinkholes

Geologists with the State Highway Commission of Kansas realized that the highway was
probably safe as long as the sinking continued. But I-70 was too important a project to take
chances with, so during that summer of 1966, before the highway opened, a test hole was drilled.
Geology crews drilled a core hole down 240 feet in the Crawford Sink. (This remains the
deepest hole ever drilled by our crews). They found only solid bedrock the entire way. The
geologist who logged the hole called them, “as perfect cores as you could ever find in that
section”. They also drilled and dug down to the Fencepost Limestone Member , which is close
to the surface here. A structural contour map was drawn that showed the bowl-shaped drop in
strata. Officials were reasonably sure that there was not a void under the highway which could
suddenly collapse.

About that time, still before the highway was open, construction crews had more bad news:
another section of road wasn’t holding its profile. This area was a half-mile west of the
Crawford Sink. The oil well responsible was the Witt A#1, just south of the right-of-way. This
well was drilled in 1937 and plugged in 1957.



Highway Commission engineers and geologists got together late that summer to decide how to
proceed. There was serious talk of rerouting the highway around the sinkholes, despite the
enormous cost and delays. But the Gorham Qil Field stretches several miles to the north and
south. Geologists told officials that there was no way to guarantee that a new alignment
wouldn’t just put I-70 over other sinkholes. Since there apparently wasn’t any danger to the
public, the lanes in the subsidence area were paved that fall. Interstate 70 between Russell and
Hays opened on schedule on November 16, 1966.

The next summer, the Highway Commission contracted with a drilling company to drill a deep
exploratory well at the Crawford site. A crew with Rosencrantz-Bemis Drilling, of Great Bend,
Kansas, drilled to 100 feet below the base of the Hutchinson Salt Member, a total of 1670 feet
deep. Circulation was lost at 250 feet and never regained, which was attributed to washing of
loose material at and below the Dakota Formation. Analysis of a radioactive gamma-ray neutron
log indicated that the salt itself was washed along its entire thickness, and had been replaced by
material from above. An anhydrite marker bed 350 feet above the salt had, at that time, already
dropped 36 feet. Most importantly, however, was that very few voids were found, and none of
these were large or near the surface. Officials told the public that the highway was safe, and that
the sinkholes would cause only minor damage to the highway.

The 1970°s

Nothing was done for a few years. The sinkholes continued to get deeper and broader,
and the pond at the Crawford site reformed. The Witt Sink, which formed near the top of a
ridge, created a noticeable depression. By 1971, the lanes had dropped so much that they had to
be regraded. During the summer of that year, both areas were brought up 5 feet and repaved at
the cost of 220,000 dollars. Elevations of the lanes and the bridge were taken every 6 months,
making it the most surveyed section of road in the state. The highway continued to drop at
almost 6 inches per year. Public relations in the area began to sour when local newspapers
figured out that the subsidence showed no sign of stopping. Still, there was no danger, and so
people gradually got used to sinkholes under I-70. It became old news.

Overnight on May 1 or 2, 1978, however, a huge sinkhole suddenly opened up in a field 20 miles
northwest of the I-70 sinks. This hole, in northeast Ellis County, was also centered on an old
well. In a few days, the hole was 75 feet across and 100 feet deep. The press coverage of the
nearby sudden collapse forced the Highway Department, now KDOT, into action once again.

Our geologists were still reasonably sure that the gradual subsidence of the highway was a good
indication that nothing catastrophic was going to happen to I-70. But, primarily in response to
public pressure, new studies of the problem were ordered late that year. The Kansas Department
of Health and Environment (KDHE) and the Kansas Geological Survey (KGS) helped this time.
Not enough money was available to do any deep drilling, but the KGS ran seismic surveys along
both the I-70 sinkholes and near the Ellis County collapse. Again, no near-surface voids were
found beneath I-70, and few deep voids. No satisfactory conclusions were ever drawn, however,
as to why the Ellis County sinkhole behaved differently from the I-70 sinks.

In addition, the KDHE took infrared air photos of the Gorham Oil Field to try to identify new
sinkholes that might be developing. The idea was that shallow surface depressions would hold
water after rainfall, and therefore have lusher vegetation. Regular air photos were taken early in
the morning and late in the afternoon, to try to find new sinks highlighted by shadows cast by the



low-angle sunlight. Neither of these endeavors yielded much useful information. The Hays
Daily News took credit for instigating the investigations; the uproar finally died down.

Attempt to Stop Subsidence at the Witt Sinkhole

By August of 1984, the lanes at the Witt sink were back down 8 feet. It was starting to cause
sight distance problems—engineers were afraid that a stalled car at the bottom of the depression
would be rear-ended. So the Witt was again regraded and repaved at a cost of nearly 500,000
dollars.

KDOT engineers in that district were beginning to get more and more concerned. There didn’t
seem to be any end to the subsidence, and public relations in the Hays-Russell area were a
serious problem. In January, 1986, the state again contracted with a drilling company. The goal
this time was to stop subsidence at the Witt sinkhole.

A hole was drilled 4 feet west of the old Witt A#1 well. Drillers attempted to shut off the flow of
water across the salt by cementing shut the hole below the salt. Over 30 cubic yards of cement
were pumped down the new hole, until pressure built up. Satisfied that the breach below the salt
had been sealed, officials resumed their frequent surveys of the lanes. And in fact, it worked—
for a while. For 6 months, the lanes didn’t move. But somehow, water got around the plug and
the highway quickly resumed its subsidence of 5 to 6 inches a year.

In 1988, more cement was pumped down both holes at the Witt sink. This cement was saturated
with salt in the hopes that it would bond to the salt face itself. After “lubricating” the hole and
cavity with 200 sacks of bentonite, drillers pumped almost 100 cubic yards of the salt-rich
cement down the holes. Eventually, pressure built up to 300 psi in both wells at the same time.
The voids in the immediate vicinity of the of the boreholes were filled, and KDOT geologists
were again cautiously optimistic. Again, their optimism was short-lived, because water soon ate
another hole in the salt and the subsidence continued.

Nothing has been done at the sinkholes since this attempt to stop movement at the Witt sink. A
drilling program of several holes in a circular pattern around each original well hole would
probably give the best chance of stopping the subsidence. No one can guess the quantities of
cement or other fill material that would be required to fill the voids at depth. Of course, the cost
of such an undertaking is a concern, especially since there is no guarantee that it would succeed.

The Bridge

The highway in the vicinity of the Witt sink can be regraded as many times as necessary. The
Crawford sink is a different matter. It can’t be regraded any more because of clearance
requirements under the nearby bridge; the bridge is sinking, too. One end has dropped over 6
feet since it was built in 1965. At the south abutment, the east curb is now 2 feet higher than the
west curb. Strangely, about the only indication that the bridge is under any stress at all is narrow
cracks in the curbs just over the piers. Otherwise, the structure looks like any other 35-year-old
bridge in Kansas. Our bridge engineer says it could last another 25 years.



The Future of the Russell County Sinks

Something will eventually have to be done at the Crawford sink. Either it will finally subside
enough to become a sight distance problem, or water will begin to cover the roadway during
storms. Since the only thing preventing us from regrading the Crawford area is the presence of
the bridge, the logical step is to relocate the county road and build a new bridge at another
location. Then the subsidence at the Crawford area, like at the Witt, could simply be countered
by adding fill to the roadbed every so often. We recently discussed with Russell County the
possibility of moving the bridge a quarter-mile west, to the area between the two sinkholes.

Meanwhile, traffic continues to go over the sinks at a count of over 11,000 vehicles a day. The
Witt sink continues to drop at 5 inches a year; the Crawford is subsiding at about 4 inches a year.
They will keep sinking until the Gorham Oil Field is finally abandoned and water is no longer
drawn out of the strata below the salt.

Summary

Improper plugging of abandoned oil wells in Russell County led to the development of two large
salt-related sinkholes beneath Interstate 70. The Kansas Department of Transportation has
struggled with costly, embarrassing repairs and a failed attempt at remediation during the 35-year
history of the highway. Despite knowing in detail the cause of the subsidence, an economical
solution has eluded us. At present, KDOT plans to simply regrade the lanes for as long as
possible. The sinkholes will continue to consume our time and resources well into the 21%
century.
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Mine Subsidence Stabilization
In Steeply Dipping Seams
In the Canadian Rockies:

A Project Overview

Presented by
Patrick E. Gallagher'

Abstract

CTL Engineering has begn working on a project located in the Bituminous Coalfields of western
Canada near the world famous Banff National Park. A large commercial/residential
" development has begun on a 5000-acre tract of land where a multiple seam abandoned coal mine
is present. The coal was extensively mined from the mid-1800’s until 1974 in four separate
seams, all of which are steeply dipping (up to 85°). The workings pose a serious subsidence
threat to the future buildings to be constructed in the development. Our mine stabilization
program was designed to establish priority areas for stabilization and develop grout mixes that
could overcome the steep dip of the seams.

The presentation of a paper at this conference will cover topics such as prioritization of the site,
explorations of the proposed stabilization areas, evaluation criteria for the grouting patterns, mix
designs, and borehole photography of the underground pumping operations. Other discussion
include the regulatory review of the grouting and the process of permitting an underground
injection program.

Project Description

-

.
The project is located 60 miles (100 km) due west of the City of Calgary, Alberta, Canada in the
town of Canmore. The area surrounding the site is world renowned for its natural scenic beauty
and popular travel destination of more than two million people annually. The land owners are
presently planning to develop nearly 1900 acres (759 hectares) with residential, resort, and
commercial communities. The entire property is underlain with abandoned underground coal
mines in four separate seams. The mining method was room and pillar with some second mining
encountered sporadically throughout the property. The geology is extremely complicated with
folded, faulted, and steeply inclined sedimentary deposits consisting of interbedded sandstone,
shales, coals and limestones.

-
s

! Patrick E. Gallagher is President of CTL Engineering of WV, Inc., 733 Fairmont Road, Morgantown,
WV 26501 and has over 25 years of mine subsidence investigation and stabilization experience.




Fortunately, the past mine workings were well documented with extensive surveys and very
detailed maps. The techniques employed by the miners to overcome near vertical dip angles are
very impressive including hand augering, blasting and shoveling the coal on ladders that were
laid on the mine floor for some 2,500 feet (762 m). The seam thickness’ varied from 6 to 9 feet
(1.83 to 2.74 m) typically with a limestone roof and the overburden consisted of a soil horizon
averaging 20 feet (6.1 m) and a maximum depth to mine level of 900 feet (274 m). Dip angles
varied from 25° to 85° and the mine floor was a weathered clayshale.

Risk Assessment and Regulatory Review

The first phase of the proposed development included 375 residential home sites and all of the
infrastructure to support the construction of the homes. Utilities, roadways, wildlife crossings
and various right-of-ways had to be included in our assessment of stabilization priorities in
addition to the residential structures. The risk assessment evaluated the following criteria:

Depth of mine workings

Void height

Proposed land use

Geologic conditions

Extraction ratio / presence of pillaring
Width of entries and Pillar sizes

QAW

Giving consideration to the evaluation criteria; a plan was developed to stabilize high risk areas
such as cropline features where sinkholes were present, areas where utilities were to cross mine
workings within 100 feet of the void, and main access roadways. A High Risk Area was
designated where the overburden to void height ration was less than 10 (i.e. a 10 foot (3.05 m)
void at 100 feet (30.5 m) in depth). These areas posed the most potential for surfaces
displacements that would result in severe damage. Secondly, Medium risk zones were
determined to be non-residential areas where the overburden to void height ratio was greater than
10 but-less than 30. These areas were investigated further to determine the areal extent of the
workings and the proposed land use in order to evaluate it stabilization was required. Finally,
Low Risk Zones were designated as areas where the overburden to void height ratio exceeded
30. Table 1 summarizes the evaluation criteria and potential impacts on the proposed
development features.

Unlike the abandoned mine programs in the United States, the Province of Alberta, Canada and
the Town of Canmore regulates any activity being conducted in abandoned mine areas. F igure 1
is an exhibit from the Town of Canmore regulations that identify the criteria for determining the
various constraint zones near surface openings. Figure 2 is a similar exhibit from the regulations
where high constraint zones are determined above mine workings. Figure 3 identifies medium
constraint zones above mined areas. Each of these exhibits is used as guidelines to issue
building permits for new developments within the Town of Canmore.



L_S_‘tabilization Program

More than 300 exploratory borings were conducted in order to substantiate the conditions that
exist throughout the development and refine the areas requiring stabilization. Following the
subsurface exploration phase, it was decided that' conventional cementitious grout materials
would be injected into the mine workings to provide full roof contact support in the voided areas.
Two types of materials were proposed to be used for the grouting, a high slump and low strength
cement and flyash mix was designed to be used as production grout and a low slump concrete
mix was designed as a barrier material. Flyash and cement were readily available from a local
concrete plant as were various admixtures such as accelerators and plasticizer.

Three high priority areas were identified for stabilization during the first phase of development.
The first area was the main access roadway leading to the 375 home sites where it traversed the
cropline and some relatively shallow workings. The dip in this area approached 55°, the void
height was 9 feet (2.74 m) and the workings were within 20 feet (6.10 m) of the surface. Figure
4 is the as-built plan of the grout stabilization that was completed along the main access road.
425 cubic yards (325 cu. Meters) of grout was injected into the void through 14 six inch
boreholes. This volume of material exceeded the estimated volume by 22% which was a result
of grout flow down dip. A down dip barrier of low slump concrete was installed to control the
loss of grout but some bypass still occurred.

The second area that was grouted was a series of 3 drift entries which were open at the ground
surface and were inclined at a dip angle of 35°. These entries were backfilled from the surface
through a tremie pipe installed to the bottom of the entry. A total of 560 cu. yards (736 cu.
meters) of grout was placed into the three entries. The third area was along an emergency access
road where the road crossed over some relatively shallow workings. A conventional grout
injection plan was developed and due to the presence of a localized syncline in the bedrock
which resulted in flat lying strata. Figure 5 depicts the location of the injection holes and grout
quantities that were located along the roadway centerline. During each grouting phase a
borehole video camera was lowered into surrounding monitoring holes to document grout flows
and direction ¢f the workings.

Summary Discussion

Controlling material constituents, flowability and pattern of injection are the critical elements in
assuring that the grout does not progress too far from the area to be stabilized. Appendix A
includes compressive strength results of typical grout mixes from the project. We were
encouraged that conventional stabilization techniques could be successfully used in steeply
dipping seams with some precautions:

1. Batch pumping of not more than 50 cu. yds. (65 cu. meters)
with each hour

2. Use of concrete bulkheads to confine down dip migration of
the grout.



3. Acknowledge that over grouting by at least 125% can be
expected.

4. Begin grouting operations at the lowest elevation of the mine
and proceed up dip to ensure full roof contact.

5. Fully understand the mining pattern and geologic conditions.
We found that the use of down dip barrier pillars or ribs is a
preferred initiation point for the grouting operation.

Steeply dipping room and pillar mines can be successfully stabilized by use of conventional

grouting techniques provided a detailed investigation of the controlling geologic conditions has
been completed.
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Fly Ash Use in Pressurized Grout Remote Backfilling of Abandoned Underground
Mines in North Dakota'

By: William E. Dodd?
ABSTRACT

The Abandoned Mine Lands (AML) Division of the North Dakota Public Service
Commission (PSC) has been charged with the reclamation of hazardous abandoned
coal mines since 1981. More than 85 primary reclamation projects, at a cost of over $23
million, have been completed in North Dakota. Pressurized grout remote backfilling is a
technique for stabilizing hazardous collapsing underground mines. In this technique, a
cementitious grout is pumped through cased drill holes directly into mine cavities to fill
them and thereby stabilize the surface from collapse. In 1995 the North Dakota State
Health Department approved the use of grout formulations containing fly ash. This
approval was based on results of a comprehensive grout testing research project funded
by the PSC. Fly ash replaced some of the cement in the grout formulation. Fly ash is
cheaper than cement and it also improves flowability of the grout. The AML Division
estimates an approximate $500,000, or 18%, reduction in the cost of pressurized grout
remote backfilling projects since 1995 resultant from the use of fly ash as a grout
component.

Additional Key Words: Underground Mine Reclamation, Coal Combustion Byproducts

Introduction

There are more than 600 abandoned coal mines in North Dakota. Most of these are
abandoned underground mines. As these abandoned underground mines have
deteriorated with time, deep collapse features, or sinkholes, have surfaced in many
areas. These features are very dangerous, especially when they occur at or near
residential and commercial areas and public roads. The Abandoned Mine Lands (AML)
Division of the North Dakota Public Service Commission (PSC) has been using remote
backfilling methods in an attempt to prevent mine subsidence in high-use areas since
the ‘early 1980's. '

Gravity fill remote backfilling was utilized until 1990. In this method, slurry, usually
consisting principally of sand and water, was poured down drilled holes directly into the
underground mined workings. Results of gravity fill remote backfilling were often
unsatisfactory because the slurry could not penetrate all void areas if the mine was
already partially collapsed. In addition, the slurry was not cohesive and tended to flow,
to be washed away, or to settle as the water dissipated.

' Presented at the KDOT 2000 Abandoned Underground Mine Workshop,
Kansas City, MO, April 25-27, 2000.

ZWilliam E. Dodd is an Environmental Scientist and Project Manger, North
Dakota Public Service Commission, Bismarck, ND.



Since 1991 pressurized grout remote backfilling has been used in North Dakota for
stabilizing hazardous collapsing underground mines. In this technique, a cementitious
grout is pumped through cased drill holes directly into mine cavities. This method is
effective for stabilizing the surface from underground mine subsidence, especially when
mined workings have begun to collapse.

Ope of the drawbacks of pressurized grout remote backfilling was its high cost, mainly
due to the high cost of Portland Cement. In the mid-1990'’s, the AML Division began
looking for a more cost effective, yet environmentally safe grout formulation. In 1995, a
comprehensive grout testing research project determined that flyash from specific
sources readily available in North Dakota could be used to replace some of the cement
in the grout mix. This research yielded a grout formulation that is cheaper and has
better handling characteristics, yet is relatively safe.

Part 1 - Fly Ash

Fly ash is a solid fuel combustion residue collected by filtration of the smoke discharged
by coal fired power plants. Power plants in the US produce around 100 million tons of fly

ash annually.

Fly ash is about 80-90% composed of glass formed from molten clays, shales,
limestone, and dolomite. These small spherical particles combine with calcium
hydroxide to form calcium silicate hydrate, the principal binder of cement. Fly ash is
classified by its cementitious properties by the American Society for Testing and
Materials (ASTM).

Fly ash is a pozzolan. Pozzolans are materials that form cement-like compounds when
mixed with lime and water. Fly ash is somewhat similar to volcanic ash used to produce
the earliest cements about 2300 years ago near the ltalian town of Pozzuoli. Although
most of the fly ash produced in the US is disposed of as a waste product in landfills and
impoundments, it has many potentially beneficial uses.

Fly ash is used in concrete for road construction, masonry, and in controlled density fills
for residential sub-footings. It can also be used as filler in asphalt roofing products and
in composites such as ceramics and plastics. Fly ash is sometimes used as a soil
amendment and in production of potting soil. Finally, fly ash is used in mine reclamation
projects to fill surface and underground mines and to treat acid mine drainage and soils.

Part 2 - Coal Mining and Abandoned Mine Reclamation in North Dakota

North Dakota has the largest reserves of lignite coal in the US. Lignite is a low-grade,
relatively soft coal. The lignite bearing area in ND covers about 28,000 square miles
(Burr 1954). Lignite has been mined commercially in North Dakota since the 1870’s.
Underground mining was predominant in North Dakota until the 1930’s. The number of
commercial lignite mines in North Dakota peaked at about 320 in 1940 (Dahlberg et al
1984).

Lignite markets changed primarily to electric generation in the late 1940's as household
demand began switching to fuel oil and natural gas. In the 1960’s, huge “mine-mouth”
electrical generating plants were constructed in North Dakota. A large coal gasification



plant (the only one in North America) was constructed near Beulah, North Dakota in the
1970's.

In 1980, North Dakota compiled an inventory of surface and underground coal mine sites
in the state abandoned prior to 1977. This inventory categorized 616 abandoned mine
land (AML) sites in ND. These sites were prioritized with regard to their danger to public
health, safety, general welfare, and property. Many sites have been added to this
inventory and Wald and Beechie, 1996, estimated that there may be more than 2000
AML sites in the state. Often new sites are added as landowners call to report new
sinkholes resulting from collapse of mined workings.

North Dakota’s AML Reclamation Program was authorized in 1981. Program funding
comes from a ten cent per ton production tax on lignite coal mined within the State.
Currently State lignite production is about thirty million tons per year. Thus,
approximately three million dollars is paid annually into the AML Fund, administered by
the Office of Surface Mining Reclamation and Enforcement (OSMRE), Department of
Interior. About half of this money, $1.5 million, is returned to the State of North Dakota
to eliminate existing and potential public hazards resulting from abandoned surface and
underground coal mines.

Since 1981, more than 85 primary reclamation projects have been completed in North
Dakota at a cost of over $23 million. In addition, several smaller maintenance and
emergency projects have been conducted. These projects have included backfilling
dangerous surface mine pits, extinguishing mine fires, filling dangerous sinkholes
resulting from collapse of underground mines, and remote backfilling to prevent collapse
of underground mines beneath homes, buildings and roads. Reclamation projects are
designed in-house by AML Division project managers and are conducted by contractors
who are selected by competitive bidding.

Remote backfilling of North Dakota underground mined workings in the 1980’s was
usually accomplished by gravity feed methods in which sand/water slurry was poured
down drilled holes into the mine. This method was somewhat successful if the
underground mined workings were intact. If they were in a state of collapse, the gravity
fed slurry would not penetrate the collapsed soil materials and significant void areas
could be left to collapse in the future. Also, the sand/water slurry was not cohesive and
could be washed away if there was water movement in the mine.

Most of the abandoned underground mines in North Dakota are at least partially
collapsed. In the late 1980’s the North Dakota AML Division made a transition from
gravity fill to pressurized grout remote backfilling. In this technique, a cementitious grout
is pumped through cased drill holes directly into mine cavities to fill them and thereby
stabilize the surface from collapse. Grout pumped under pressures from 0-400 psi can
usually penetrate rubblized soil materials adequately. In addition, after the cementitious
grout hardens it will not flow or wash away.

Pressurized grout remote backfilling is effective but is also costly, often tens or even
hundreds of thousands of dollars per acre. However, it is relatively cheap compared to
“daylighting,” or excavating down to the mined workings and backfilling with dirt.
Pressurized grout remote backfilling is used in North Dakota to stabilize high-use
properties such as residential and commercial areas and public roads.



Part 3 - Fly Ash-Grout Use in North Dakota

The grout mix presently in use for North Dakota reclamation projects was developed as
the result of a comprehensive grout testing research project funded by the North Dakota
Public Service Commission. This research project is described in a paper entitled,
Flyash Grout Testing In a Simulated Wet Mine Environment by Wald and Beechie, 1996.
Prior to this research, the North Dakota State Department of Health had not allowed the
use of fly ash-grout for reclamation of underground mines containing water.

The fly ash-grout testing project compared 23 different grout formulations with varying
amounts and sources of fly ash, cement, sand, water and superplasticizer. This fly ash
grout-testing project was developed to determine the most cost effective,
environmentally safe grout material available for use in reclamation of dry and wet
underground mines. Grout formulations were evaluated for flowablility, pumpability,
cohesiveness (non-segregation during pumping), compressive strength, and leaching
potential in water. Leaching potential was determined by comparing leachate from each
formulation to North Dakota’s drinking water standards.

Results of this project indicated that two sources of fly ash were superior and a grout
formulation was developed using these sources: Great River Energy’s Coal Creek
Station, Underwood, ND, and Basin Electric’'s Antelope Valley Station (AVS), Beulah,
ND. The selected grout formulation contains 100 pounds cement, 600 pounds of fly ash,
70 ounces superplasticizer, approximately 2200 pounds of sand, and 65 gallons of
water, per cubic yard. The North Dakota State Health Department approved the use of
this formulation in 1995 with the stipulation that only Coal Creek or AVS Fly Ash could
be used. The Health Department preferred Coal Creek Fly Ash because of its superior
leachate characteristics, but AVS Fly Ash was also approved as an acceptable
alternative.

Part 4 — Benefits of Fly Ash-Grout

Fly ash replaced some of the more expensive cement in the grout mixture, thereby
reducing the cost per cubic yard. The AML Division estimates a nearly $500,000, or
18%, reduction in the cost of pressurized grout remote backfilling projects since 1995 as
a résult of the use of fly ash (Table 1).

When used with cement, fly ash improves flowability and increases compressive
strength. It improves flowability because the spherical particles act like ball bearings.
This allows the grout to move more freely and the small particle size promotes better
filling of voids. The cementitious properties of fly ash increase compressive strength.
Contract specifications for grouting projects in North Dakota presently require that the
unconfined compressive strength of grout be at least 150 psi at 28 days. Use of fly ash
also reduces shrinkage and slows set-up time, an important factor if grout pumping must
be interrupted for a few hours. Another important reason for using fly ash is recycling:
every ton of fly ash used beneficially is one not disposed in a landfill.

Fly ash can potentially pose environmental and health risks. It contains trace amounts
of several toxic elements including boron, molybdenum, selenium, and arsenic. These
elements could contaminate soil and water. Portland cement also contains these
elements and they can occur naturally in soil and water. If used responsibly, fiy ash is a
safe product and can be used safely with very limited chances of polluting soils or water.



After grout containing fly ash hardens it is fairly inert. Research conducted by North
Dakota Public Service Commission (Wald and Beechie 1996) found that grout mixes
using fly ash often leached lower concentrations of trace minerals than cement-only
grout. This research also indicated that, depending on the source of fly ash, leachate
from hardened grout could meet safe drinking water standards for heavy metal
concentrations.

Summary and Conclusions

Fly ash will continue to be produced as long as coal-fired electricity is generated. Coal is
an abundant and relatively cheap resource. Although concerns about fly ash use and
disposal are valid, some environmental groups have sensationalized these concerns.
These groups are lobbying the US Environmental Protection Agency (EPA) to classify fly
ash as a hazardous waste. This could severely limit fly ash recycling and its beneficial
uses and result in higher energy costs.

The use of fly ash as a grout component has resulted in improved performance and
significant cost savings in pressurized grout remote backfilling projects in North Dakota.
Research conducted in North Dakota indicates that sources differ markedly in chemistry
and performance of their fly ash. These differences result from properties of the coal
itself and the method of coal processing and combustion. A responsible user should
thoroughly test fly ash from each potential source to ensure that it is appropriate for its
intended use.

The North Dakota Public Service Commission, Abandoned Mine Lands Division intends
to continue using fly ash grout in its pressurized grout remote backfilling projects. It
remains in close consultation with the North Dakota Department of Health and we will
jointly continue to monitor the performance and environmental aspects of the use of fly
ash grout in the future.
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MANUAL FOR

ABANDONED UNDERGROUND MINE

MAY 15, 1998

The State of Ohio is an
Equal Opportunity Employer

‘c>opies may be obtained from the Office of Contracts, 1980 West Broad Street, 1* Floor, Columbus, Ohto

43223, 800/459-3_778 or 614/466-3778. There is a charge of $10.00 per copy.
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List of Attendants of the Abandoned Underground Mine Workshop held on April 25-27,
2000, at the Embassy Suites Hotel in Kansas City, Missouri.
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Engineering Associate II
Kansas D.O.T.
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Pittsburg, Kansas 66762
Phone: (620) 231-7560

Dennis W. Boehm

Project Manager |
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Fort Worth, Texas 76106

Phone: (817) 625-4241
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James Burns

Engineer Technician Senior
Kansas D.O.T.
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Chanute, Kansas 66720
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E-mail: jburns@ksdot.org

Neil M. Croxton
Regional Geologist
Kansas D.O.T.
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Fax: (785)263-3481

E-mail: neiic@ksdot.org

Richard C Benson
President

Technos Inc.

3333NW 21 Street

Miami, Florida 33142
Phone: (305) 634-4507
Fax: (305) 635-4109
E-mail: info@technos-inc.com

Lawrence L. Brady

Senior Scientist

Kansas Geological Survey
1930 Constant Ave.

Lawrence, Kansas 66047-3726
Phone: (785) 864-2159

Fax: (785) 864-5317

E-mail: lbrady@kgs.ukans.edu

Pete Burton

Senior Geotechnical Engineer
Burns & McDonnell

Box 419173, 9400 Ward Parkway
Kansas City, Missouri 64141-6173
Phone: (816) 822-3486

Fax: (816) 333-3690

E-mail: pburton@burnsmed.com

Jeff Daniels

Ohio State University

275 Mendenhall Lab./Dept. Geol. Sciences
Columbus, Ohio 43210

Phone: (614) 292-4295

Fax: (614) 292-7688

E-mail: jdaniels@geology.ohiostate.edu




William E. Dodd
Environmental Scientist

North Dakota Public Service Commission AML Division

600 East Boulevard Ave. Dept. 408

Bismarck, North Dakota 58505-0480

Phone: (701) 328-4096
Fax: (701)328-2133

Frederick C. Foshag, Jr.

Professional Environmental Engineer
Ks. Dept. of Health & Environment-Surface Mining Section

4033 Parkview Drive
Frontenac, Kansas 66763
Phone: (620)231-8540
Fax: (620) 231-0753

Alan G. Goodfield

Dr./Staff Engineering Geology
Illinois D.O.T.
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E-mail: goodfieldag@nt.dot.state.il.us
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Bridge Engineer

Federal Highway Administration
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Columbus, Ohio 43215

Phone: (614) 280-6845

Fax: (614) 280-6876

E-mail: thomas.lefchik@fhwa.dot.gov

Rick Miller

Kansas Geological Survey
1930 Constant Avenue
Lawrence, Kansas 66047
Phone: (785) 864-3965
Fax: (785) 864-5317
E-mail: rmiller@kgs.ukans.edu

Ryan Duling

Engineering Technician

Kansas D.O.T.

Box 498, 411 W 14" Street
Chanute, Kansas 66720

Phone: (620) 431-1000 Ext. 224
Fax: (620) 431-6941

E-mail: rduling@ksdot.org

Patrick Gallagher

President

CTL Engineering

733 Fairmont Road

Morgantown, West Virginia 26501
Phone: (304)292-1135

Fax: (304) 296-9302

E-mail: pgallagher@ctleng.com

Robert W. Henthorne

Regional Geologist

Kansas D.O.T.

Box 498, 411 W 14™ Street
Chanute, Kansas 66720

Phone: (620) 431-1000 Ext. 225
Fax: (620) 431-6941

E-mail: roberth@ksdot.org

A. David Martin

Geologist

Maryland State Highway Administration
2323 West Joppa Road
Brooklandville, Maryland 21022
Phone: (410) 321-3107

Fax: (410) 321-3099

E-mail: dmartin@sha.state.md.us

Tim Newton

Geotechnical Liaison

Missouri D.O.T.

P.O. Box 270

Jefferson City, Missouri 65102
Phone: (573) 526-4343

Fax: (573) 526-4345

E-mail: newtot@mail.modot.state.mo.us




Kevin O’Connor

Geotechnical Consultants, Inc.
720 Greencrest Drive
Westerville, Ohio 43081-4902
Phone: (614) 895-1400

Fax: (614) 895-1171

Clay Rathbun

Chief Estimator

The Judy Company

9133 Woodend Rd. ,
Kansas City, Kansas 66111
Phone: (913) 422-5088
Fax: (913) 422-5307

Nick M. Priznar
TES/Geologist

Arizona D.O.T.

1221 N 21* Ave, 068 R
Phoenix, Arizona 85009
Phone: (602) 712-8089
Fax: (602) 712-8138

E-mail: npriznar@dot.state.az.us

L. Rick Ruegsegger, P.E.
Special Projects Coordinator
Ohio D.O.T.

1600 W. Broad Street, Room 2033

Columbus, Ohio 43223
Phone: (614) 275-1395
Fax: (614) 275-1354

E-mail: crathbun@judy.company.com E-mail: rruegse@dot state.oh.us

Richard Ryan Bill Shefchik
Geologist Senior Geologist
Kansas D.O.T. Burns & McDonnell
Box 498, 411 W 14" Street 9400 Ward Parkway

Chanute, Kansas 66720 Kansas City, Missouri 64114
Phone: (620) 431-1000 Ext. 224 Phone: (816) 822-3138

Fax: (620) 431-6941 Fax: (816) 822-3463

E-mail: mryan@ksdot.org E-mail: bshefch@burnsmed.com

Michael Larry Sphan Joel Strid

Environmental Technician III Executive Vice-President
Ks. Dept. of Health & Environment-Surface Mining Section NSA Engineering, Inc.
4033 Parkview Drive 15000 West 6™ Avenue
Frontenac, Kansas 66763 Golden, Colorado 80401
Phone: (620) 231-8540 Phone: (303) 277-9920

Fax: (620) 231-0753 Fax: (303) 277-9921
E-mail: jstrid@nsaengineering.com

John Szturo Matthew Trainum
Senior Geologist Geologist

HNTB Corporation Iowa D.O.T.

1201 Walnut, Suite 700 800 Lincoln Way
Kansas City, Missouri 64106 Ames, Iowa 50010
Phone: (816) 527-2275 Phone: (515) 239-1476

Fax: (816) 221-9016 Fax: (515) 239-1873
E-mail: jszturo@hntb.com E-mail: mtrainu@max.state.ia.us




Earl Wright

Engineering Geologist Chief
Kentucky Department of Highways
1236 Wilkinson Boulevard
Frankfort, Kentucky 40601

Phone: (502) 564-2374

Fax: (502) 564-4839

E-mail: ewright@mail.lytc.state.ky.us

Gary Koontz

Chief Geologist
Kansas D.O.T.

2300 Van Buren
Topeka, Kansas 66611
Phone: (785)291-3860

Barry Berkovitz

FHWA

61 Forsyth St.

SW Stc. 17 T-26

Atlanta, Georgia 30303-3104
Phone: (404) 562-3693

Fax: (404) 562-3700

Wilson Blake
P.O. Box 928
Hayden Lake, Idaho 83835

Len Meier

AML Program Specialist
Office of Surface Mining
501 Belle

Alton, Illinois 62002
Phone: (618) 463-6463
Fax: (618) 463-6470

David Holberg

Special Projects

Springfield Underground

3107-J East Chestnut Expressway
Springfield, Missouri 65801-2240
Phone: (417) 874-1400

Fax: (417) 874-1450



